Abstract. In multibody system dynamics, the absolute nodal coordinate formulation (ANCF) uses power functions as interpolating polynomials to describe displacement field. It can get accurate results for flexible bodies that undergo large-deformation and large-rotation. In this paper, an eight-node ANCF solid element has been provided and achieved. The continuity equations have been used to maintain the consistency for multiple elements, and the viscosity model has been proposed for the large deformations. The constraint equations and motion equations are developed based on the continuum mechanics theory for the solid element. Numerical results are presented to validate the feasibility of proposed element. It is shown that the proposed element can lead to a better convergence in comparison with the conventional finite elements in the dynamic analysis.
Introduction
As discussed in literatures, the conventional dynamic modeling methods based on small-deformation and small-rotation cannot get accurate results of large deformation flexible multibody problems [1] . The absolute nodal coordinate formulation (ANCF) was proposed by Shabana [2] , and has been already used during the past decade to integrate finite elements into multibody system algorithms successfully. Olshevskiy [3] proposed a solid element based on the ANCF element firstly. Different from conventional finite elements, the ANCF solid element directly describes the section deformation using the node coordinates without bringing in additional coordinates, and the locking problems can also be avoided by using the incomplete interpolation function which used to describe the displacement field. Based on the above researches, the ANCF solid element considering the continuity condition and internal viscoelastic damping has been provided and achieved in this paper. Numerical examples are presented in order to demonstrate the feasibility of implementing element developed in this investigation.
ANCF Solid Element
Displacement Field. In the reference configuration, the global position vector of an arbitrary point on the element can obtain by using the global shape function and element absolute nodal coordinates. The relationship can be written as follows [4] : ( , , ) ( ) x y z t r = S e
(1) where S is the shape function matrix; x，y and z are the node position coordinates; e is the vector of nodal coordinates.
The dimensions of the solid element are a b c × × , and the nodal coordinates e at the node k of the finite element j can be defined as:
where jk r is the absolute position vector at the node k of the finite element j , and The displacement field of solid element can be defined as: 
where k α are the polynomial coefficients. The components of the shape function matrix of the ANCF solid element can be derived as follows:
where a, b and c are the dimensions of the element along the x，y and z, k ξ ， k η and k ζ are the dimensionless coefficients. The position vector of an arbitrary material point can be written as: C continuous needs to satisfy in order to guarantee the multi-element continuously: 
where pm xy r is the partial derivatives of the node m from the element p along x and y directions, m and n are, respectively, the sharing node on the adjacent surface between element p and q.
Constitutive Equations. Describe the strain using the Green-Lagrange strain tensor in reference configuration as follows: where ε is Green-Lagrange strain tensor, and J is deformation gradient. In reference configuration, describe the elastic stress using the second Piora-Kirchhoof stress tensor as follows:
(9) where 2 P σ is the second Piora-Kirchhoof stress tensor, and σ is Cauchy stress tensor in current configuration. The relationship of strain and stress are 2 ,
(10) where E is material coefficients matrix.
Define the relationship between damping stress and the rate of change of the strain tensor as follows:
(11) where d σ is damping stress, and  ε is the rate of change of the Green-Lagrange strain tensor. D is material damping coefficients matrix.
Dynamics Equations. According to the principle of virtual work, the elastic force of element in reference configuration can be obtained by Green-Lagrange strain tensor and the second Piola-Kirchhoff stress tensor as follows:
where
is the virtual work of elastic force, and j ke Q is generalized elastic force. For damping force, it can be obtained from the rate of change of the Green-Lagrange strain tensor and damping stress as follows: The dynamics equation of multibody system is written as:
where M is mass matrix of the system, q is generalized coordinate of the system, q C is the matrix of constraint equation, λ is the vector of Lagrange multipliers, Q is the generalized force of the system.
Numerical Examples
Simple Pendulum. The pendulum is constrained by spherical joints at the end of one side, in which the translation displacements of the node are fixed and the rotations are free. . The beam is in a static at the initial and rotates freely under the gravity when the simulation begins. The displacements at the end point of simple pendulum are shown in Fig. 2 .
From the Fig. 2 , it can be found that, the displacement curves obtained from ANCF solid elements are almost identical with curves obtained from BEAM189 elements. The results illustrate that the solid element show a good adaptability to describe the deformation, and the capacity of the ANCF solid element in dealing with flexible deformations is equal to the conventional element. . The displacements at the end points from the upper and lower beams using the ANCF solid elements and ANSYS BEAM189 elements are compared in Fig. 3 and Fig. 4 . The difference of the displacement curves shows that, the displacement curves obtained from ANCF solid elements and BEAM189 elements are almost identical at the initial time. As the simulation goes on, the curves of 10 BEAM189 elements approach to the curves of ANCF solid elements gradually. The difference of the displacement curves shows that, the advantages of ANCF solid finite element are fully embodied in the large deformation problems.
Summary
In this paper, an eight-node three-dimensional ANCF solid element has been developed in this investigation. In this model, the continuity condition has been used to apply the algebraic constraint equations to maintain the continuity at the boundary. Using the relationship between the deformation gradients and the components of the Green-Lagrange strain tensor, the viscoelastic model is developed based on the Kelvin-Voigt model for the ANCF solid element. The feasibility of implementing the solid element is demonstrated using numerical examples. The results obtained from the ANCF solid elements are compared with the conventional finite elements. The comparisons show a good agreement in the dynamic analysis. Furthermore, the ANCF solid element can get higher accuracy than conventional finite element for large deformation analysis.
